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T he revision of ventriculoperitoneal (VP) shunts for shunt failure is a fairly common neurosurgical procedure, especially in the pediatric population. Intraventricular hemorrhage (IVH) after the removal of a ventricular catheter is a known complication of this operation. Brownlee et al. 3 examined this and were the first to determine a rate of IVH for catheter revisions. However, since their paper, there has been no new literature describing the hemorrhage rate, and there has not been any publication describing a revision rate after IVH. Here we retrospectively review our proximal VP shunt revisions to determine our rate of IVH as well as the rate of needing a further revision.
Methods
Approval was obtained from the Albany Medical College Institutional Review Board. The medical records of our pediatric patients who underwent revision of their VP shunt from 2009 to 2012 were reviewed. We included patients who: 1) had a revision of their proximal catheter and 2) had postoperative imaging within 3 days. Characteristics such as the etiology of hydrocephalus, time since the previous revision, presence of slit or normal ventricles, and catheter trajectory were documented. The difficulty of removing the catheter (as reported by the senior author in the operative note, with difficulty defined as the need for more aBBreViatiONS IVH = intraventricular hemorrhage; VP = ventriculoperitoneal. SuBMitted May 21, 2014. accePted November 25, 2014. iNclude wheN citiNg Published online April 10, 2015; DOI: 10.3171/2014.11.PEDS14246. diSclOSure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.
force than usual to remove a ventricular catheter), IVH on imaging, and revision within 1 month (which we defined as an early revision) after removal were all recorded. The volume of the IVH was determined using the ABC/2 method. 7 IVH greater than 5 ml was considered a significant hemorrhage. The Student t-test and Fisher exact test were performed for statistical analysis of our data.
Our approach to evaluating the shunt system was standard in all patients included in the study. Patients who had radiographic and/or clinical signs of shunt failure were taken to the OR for exploration of their shunt system. Intraoperative evaluation of the shunt was performed. This included an initial evaluation of the valve and proximal catheter. If there was no flow or very little flow from the proximal catheter once it was disconnected from the valve, it was replaced through the original bur hole. A NeuroPEN (Medtronic) was routinely used to traverse the same tract. If there was evidence of bleeding within the ventricle upon replacement of the proximal catheter (i.e., direct visualization or bloody CSF), then the ventricle was irrigated through the new proximal catheter until the CSF cleared. The valve and distal catheter were then evaluated by attaching a manometer and assessing flow by monitoring the fluid column. If there was concern for distal failure, the valve was then removed and the distal catheter was evaluated separately. The valve and distal catheter were then replaced if necessary.
results
We identified 35 patients who underwent a total of 52 VP shunt revisions. Their baseline demographic characteristics are shown in Table 1 . Blood within the ventricle was demonstrated in 25% (13 of 52) of our proximal catheter revisions; however, only 1 patient had an IVH that was greater than 5 ml (2%). The patient's age, sex, or reason for VP shunting was not found to be significant in causing IVH. Additional revision (re-revision) was required within 1 month in 2 (15%) of the 13 revision cases in which IVH was identified on postoperative imaging compared with 7 (18%) of the 39 cases in which postoperative imaging did not show IVH (Table 2) . Furthermore, the average length of time until subsequent revision was longer after revision surgery with a postoperative finding of IVH than after revision surgery without associated IVH (219 days vs 47 days). Two (40%) of 5 shunt revision procedures performed in patients with slit/normal ventricles were associated with subsequent IVH compared with 11 (23%) of 47 procedures in patients without slit/normal ventricles, but this difference was not statistically significant (p = 0.58). Revision of occipital shunts had a 36% rate of IVH (13 of 36 procedures), while there was no postoperative IVH associated with revision of frontal VP shunts (0 of 16 cases), a difference that was found to be significant (p = 0.001). Altogether there were 13 proximal revisions that were considered difficult. Eight (62%) of these revisions resulted in postoperative IVH, a rate that was found to be significant (p < 0.01). Only 1 patient from that group required an early revision.
discussion
The association between removal of a VP shunt catheter and the subsequent development of IVH is well known and documented. 2 Proposed mechanisms include growth of the choroid plexus surrounding the catheter with infiltration into holes at the catheter tip. 1, 5 This has been supported by histological studies demonstrating either choroid plexus or ependymal tissue obstructing the tip of the catheter. 4 More recently, with the advent of neuroendoscopy, in vivo visualization of shunt tubes encased in ependymal growth and neovascularization has been described in the literature. 11 Disruption of the choroid plexus upon removal of the catheter would then lead to bleeding of this highly vascular structure into the ventricular space.
Brownlee et al. 3 have been the only ones to look at the rate of occurrence of IVH after VP shunt revision surgery prior to our series. Surprisingly, there were some differences between our results. First, the rate of IVH differed between the 2 series. Brownlee et al. 3 had an IVH rate of 31% versus 25% in our series. However, for IVH greater than 5 ml, our rate was 2%. One reason for this discrepancy, besides the difference in the number of patients in each series (247 patients vs 32 patients with 52 revisions in our series), may be the fact that they included bloody CSF encountered after the removal of the catheter as well as IVH found on CT. A good portion of these observations probably represented minor bleeding along the catheter tract rather than true IVH, as IVH was confirmed by CT in only 63% of the cases in which bleeding was observed. Similarly, our rate of 25%, when taking into account any amount of IVH postoperatively, probably does not represent true IVH from choroidal or ependymal bleeding. The images shown in Fig. 1 are representative of the majority of CT scans demonstrating IVH, with volume less than 5 ml, and this is likely due to minor bleeding from the tract settling in the atria. Unfortunately, Brownlee et al. did not report IVH volume in their study.
Second, despite the presence of blood within the ventricle, the average time to the next revision was longer in these cases than for cases in which there was no evidence of IVH (219 days vs 47 days). This was in contrast to the findings of Brownlee et al., 3 who reported that patients with postoperative IVH had a shorter average time to the next revision (227 days) than patients without IVH (735 days). One reason for the difference in the findings of the 2 studies could be the volume of IVH encountered in the series reported by Brownlee et al. compared with our series, although again they do not mention specifics about the volume of intraventricular blood in their cases. As mentioned earlier, when IVH did occur in our series, the volume was less than 5 ml except in one instance, and in that one exception the patient did not require a subsequent revision (Fig. 2 ). This could be related to irrigating the ventricle, if there was a suspicion for IVH, until the CSF was clear. Clearing or minimizing the IVH could decrease the chance for early failure. Another reason for the discrepancy between the average time to revision among patients with IVH could be due to our smaller sample size. A larger sample size may show that patients with IVH have a similar or a shorter average time to their next revision. Knowing the rate of IVH associated with VP shunt revisions and the acute consequences has some practical applications. There is a perception among some neurosurgeons that patients with long-standing ventricular catheters are at increased risk for developing IVH during a proximal revision. Again, this perception is supported by evidence that the presence of the catheter prompts growth of the choroid plexus around it over time, leading to a potentially risky removal. As a consequence, the practice of placing a new ventricular catheter at a new site rather than removing an old existing catheter, particularly if there is reason to believe the catheter is especially adherent, has developed and has been advocated in the literature. 2, 11 This practice can lead to complicated and often confusing shunt systems. Furthermore, revising these systems in the setting of shunt failure or even worse, removing multiple shunts because of infection, can be a daunting task. However, knowing that the chances of major bleeding are low, simply revising the single catheter can prevent complicated revisions in the future. In the adult literature, the risk of any intracranial hemorrhage from a de novo VP shunt is 4% and the risk of IVH is 2.4%. This suggests that removing a proximal VP shunt catheter is as safe if not slightly safer than placing a new shunt. 10 In our study there was a correlation between IVH found postoperatively and the difficulty in removing the catheter as documented by our senior author (M.A.A.); however, only 1 patient required an early revision.
Interestingly, we found in our study that the only VP shunt catheter revision procedures that led to IVH were revisions of occipitally placed catheters. Older literature supported placing the proximal catheter either anterior to the foramen of Monro 6 to avoid the choroid plexus or posteriorly, within the atrium or occipital horns, 8, 9 to prevent obstruction. More recent literature suggests that the ideal placement of a VP shunt catheter should be superior to the foramen of Monro or within the body of the lateral ventricle to prevent occlusion. 12 Catheters that are placed from an occipital bur hole course along the long axis of the ventricle, thus putting them alongside the course of the choroid plexus. This proximity makes it likely for the catheter to become infiltrated or entangled with the choroid, increasing the risk for IVH upon its removal.
Some limitations to this study include potential selection bias and recall bias because of its retrospective nature. Also, the study lacks sufficient power to show any significant correlation between IVH and the need for revision, because of the relatively low number of patients. A prospective study with a larger number of patients or, ideally, a multicenter study would better elucidate the rates of VP shunt revision and associated complications. Finally, there are cases in which IVH occurs after a revision procedure without any clear cause. A study involving in vivo visualization of the catheter replacement may be beneficial in determining a more accurate rate and the various etiologies of IVH.
conclusions
Our study found that the rate of significant IVH due to removal of a ventricular catheter is relatively low, at 2%. When postoperative IVH does occur, our data suggest that patients will remain asymptomatic and will likely not require an immediate revision. This is important in terms of giving surgeons confidence in removing long-standing catheters and avoiding the creation of more complicated shunt systems in their patients.
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